medium/nutrient mixture F-12 Ham's (v/v, 1:1), 10% fetal calf serum (Invitrogen), 1 µl/100 ml fi broblast growth factor and 100 units/ml penicillin as described previously ( 18 ) . Fully confl uent preadipocytes (day 0) were then differentiated for 14 days using a differentiation medium based on that of Hauner et al. ( 12 ) , consisting of Dulbecco's Modifi ed Eagle's Medium/Nutrient Mixture F-12 Ham (v/v, 1:1) containing 2 mM glutamine, 17 µM pantothenate, 100 nM human insulin, 1 nM triiodo-L -thyronine , 33 µM biotin, 10 µg/ml transferrin, 1 µM dexamethasone, and 1 ml/l gentamycin. 3-Isobutyl-1-methylxanthine (250 µM) and troglitazone (2 µM) were added for the fi rst 3 days.
As discussed previously ( 18 ) , the cells are differentiated without a source of exogenous fatty acids. Therefore all lipids present at day 14 were either present at the start of differentiation or arose through DNL.
Cellular protein quantitation
Total adipocyte protein per T25 fl ask was determined with the Bradford method ( 19 ) using Coomassie Blue G (Sigma-Aldrich, Gillingham, UK) made up according to the manufacturer's instructions. Bovine serum albumin (Sigma-Aldrich) was included as a standard.
Gas chromatography analysis of TG and phospholipid fatty acids
Fatty acid methyl esters (FAME) of adipocyte TGs and phospholipids (PL) were prepared and analyzed by gas chromatography (GC) as described previously ( 18 ) . The fatty acid concentrations were calculated relative to the internal standard, and the results were expressed either as micrograms of fatty acid per 10 6 cells or as a mole percentage .
SCD and ELOVL fl ux calculations
Flux of fatty acids through the enzymes SCD and elongation of long chain fatty acids 6 (ELOVL 6) was estimated as the sum of all the fatty acid products of the enzymes ( 18 ) and was expressed as micromoles of fatty acid over 14 days per 10 6 cells. For SCD, this was the sum of 16:1 n -7, 18:1 n -7, and 18:1 n -9, and for ELOVL6, the sum of 18:0 and 18:1 n -7.
Use of stable isotopes to trace carbon contribution of precursors to TG synthesis
Isotopically ( 13 C)-labeled substrates (CK Gas, Cambridgeshire, UK) were added to the culture medium throughout differentiation to determine the precursors for DNL. In separate experiments, the following substrates were used: 1 mM [1- 13 C]acetate, D-[U- 13 C]glucose , 0.5 mM [U- 13 C]pyruvate, and 2 mM [U- 13 C] glutamine. For all except [1- 13 C]acetate, two glucose concentrations were studied, low (5 mM) and high (17.5 mM). Again, for all except [1- 13 C]acetate, these labeled substrates replaced the corresponding unlabeled substrate normally present in the medium.
After lipid extraction and separation of the TG fraction, FAMEs were analyzed using gas chromatography-mass spectrometry (GC-MS) ( 18 ) .
TG glycerol was extracted from the aqueous phase of the fatty acid derivitization, and tertiary-butyldimethylsilyl glycerol derivatives were produced as previously described ( 20 ) . Glycerol was measured using a GC-MS equipped with a DB-Wax 30 m capillary column (i.d. 0.25 mm, fi lm thickness 0.25 µm; Agilent). The sample (1 µl) was injected onto the column at an initial oven temperature of 110°C. The oven temperature was ramped at 10°C/min to 210°C and then at 20°C/min to 310°C. It was held at this temperature for 3 min for a total of 18 min. Injector and interface were 320°C, and gas fl ow was 1.1 ml/min. The sample was differentiate and accumulate lipid droplets in the complete absence of an exogenous fat source ( 12 ) . All of their accumulated fat should, therefore, be the product of DNL.
The primary product of DNL is palmitic acid (16:0), a saturated fatty acid. There is considerable evidence for adverse effects of excessive saturated fatty acid enrichment of cells (13) (14) (15) . Therefore, adipocyte DNL might be expected to be associated with an adverse metabolic profi le. It was surprising to discover that smaller cells that are associated with insulin sensitivity in vivo display more signs of DNL (i.e., increased expression of lipogenic enzymes and increased content of saturated fatty acids, especially myristic acid 14:0 and stearic acid) than do larger cells that are associated with insulin resistance in vivo ( 5 ) . However, the palmitic acid content of adipose tissue TG does not relate to any of these measurements ( 5 ).
These observations suggested that the differentiating adipocyte might defend itself against adverse accumulation of saturated fatty acids produced from DNL by close linkage of DNL with further modifi cation of fatty acids. There is evidence that hepatic DNL is regulated in parallel with elongation of fatty acids and their desaturation by the enzyme stearoyl-CoA desaturase (SCD, or delta-9 desaturase) ( 16, 17 ) . We recently showed that differentiating human adipocytes protect themselves against cytotoxic effects of exogenous palmitate by upregulation of pathways for oleate synthesis (DNL, elongation and desaturation) ( 18 ) . However, the coordinate regulation of these processes has not previously been shown in the differentiating adipocyte dependent solely on DNL-derived fatty acids for lipid accumulation.
Therefore, we investigated the induction of DNL during human adipocyte differentiation. Our hypothesis was that DNL could provide all the fatty acids necessary for normal differentiation and maturation if pathways for elongation and desaturation were induced in parallel. We also examined the pathways for DNL in the differentiating human adipocyte, a subject on which there is very little information. Although our starting hypothesis was that exogenous glucose would be the major precursor, we discovered that a large proportion of the fatty acids are synthesized from other sources. We explored that observation and details of the pathways involved. 
EXPERIMENTAL PROCEDURES

Analysis of isotopic tracer incorporation
GC-MS analysis produced a mass spectrum for each fatty acid and the relative abundance of each mass isotopomer. For each fatty acid, the native, unlabeled isotopomer is denoted M+0; e.g., methyl-palmitate M+0 has a mass of 270.3, whereas the isotopomer for [ 13 C 1 ]methyl-palmitate (M+1) has a mass of 271.3, etc. Relative abundance values were corrected for the natural abundance of 13 C, which was obtained from measurements made in cells with no added labeled substrate. Data were analyzed in two ways: quantitative mass spectral analysis (QMSA) and mass isotopomer distribution analysis (MIDA).
QMSA was based on the method described by Tayek and Katz ( 21 ) . In essence, we calculated the fraction of all carbon atoms in the product (e.g., palmitic acid) that were 13 C. As the substrates [U 13 C]glucose and [U 13 C]glutamine were uniformly labeled, this represented the fraction of the product formed from the substrate in question. The same calculation was applied to the TGglycerol moiety.
The evaluation of DNL through MIDA assumes that the fatty acids are constructed as polymers of the 2-carbon building block acetyl-CoA. If the 13 C-enrichment of the acetyl-CoA pool is known, then the pattern of labeled molecules (mass isotopomers) produced can be predicted by the binomial theorem ( 22 ) . Our data injected at split ratio of 50:1. The major peak corresponds to a fragmentation where a butyl group is removed and results in a molecule with a mass to charge ratio ( m/z ) of 377.3; thus, the peaks of m/z 377.3 and m/z 382.3 were measured using selected ion monitoring . Glycerol was corrected for natural enrichment using the isotope pattern obtained from Sheffi eld ChemPuter (http://winter.group.shef.ac.uk/chemputer/). 16:1 n -7). Smaller amounts of 12:0, 14:0 ( Fig. 2C ), and 14:1 n -5 (the desaturation product of 14:0, not shown, mol% 0.20 ± 0.12) were also found.
The 16:0/18:2 n -6 ratio was calculated as an index of DNL (dilution of essential fatty acids by those synthesized de novo) ( 16, 26 ) . It rose from 1.5 ± 0.2 at day 0 to 39.9 ± 27.8 at day 14 ( P = 0.04, ANOVA).
The PL fatty acid composition changed less ( Fig. 2D ). There was a progressive increase in the proportion of 16:0, whereas that of 18:2 n -6 decreased. Again, the 16:0/18:2 n -6 ratio rose from 1.3 ± 0.1 at day 0 to 3.7 ± 1.2 at day 14 ( P = 0.01, ANOVA).
Expression of DNL-related genes is upregulated during differentiation
The changes in TG amount and composition were mirrored by the mRNA expression of the genes involved in DNL, elongation, and desaturation, as well as "classical" markers of differentiation, including CEBPA, PPARG, LPL , adiponectin, and leptin ( Fig. 3 ) . At day 14, the cells were expressing genes for fatty acid synthesis ( ACACA, FASN, SCD, ELOVL6 ) as well as TG synthesis (e.g., DGAT2 ) (supplementary Table I ). Genes involved in the supply of cytosolic acetyl-CoA for DNL ( ACLY ) and in the supply of NADPH ( ME1 , G6PD ) were also expressed, as was the key glyceroneogenic gene PCK1 (PEPCK-cytosolic).
Fatty acid ratios refl ecting the action of SCD, 16:1 n -7/16:0 and 18:1 n -9/18:0, were highly correlated across all cell cultures studied ( Fig. 4A ). Each of these ratios also correlated with the mRNA expression of SCD (r s = 0.37, P = 0.01; r s = 0.67, P < 0.001, respectively). Fatty acid ratios refl ecting the action of ELOVL6, 18:0/16:0 and 18:1 n -7/16:1 n -7, were also correlated ( Fig. 4B ). However, ELOVL6 mRNA did not correlate with these fatty acid ratios, probably because one reaction removes reactants from another. We also calculated fl ux through each of these reactions, based on total accumulation of their products in TG over 14 days. In each case, fl ux correlated with mRNA expression of the respective enzyme ( Fig. 4C, D ) .
did not fi t this simple model (see Results); therefore, more sophisticated modeling was attempted (see the supplementary data).
Gene expression measurements
RNA extracted from adipocytes was used to synthesize cDNA for real-time polymerase chain reaction (PCR) analysis as previously described using 500 ng RNA ( 18 ) . Target genes were as follows: ACACA , ACLY , ADIPOQ , CEBPA , DGAT2 , ELOVL6 , FABP4 , FASN , G6PD , PCK1 , PPARG , SCD , and SREBF1 (as say IDs Hs00167385_m1, Hs00153764_m1, Hs00605917_m1, Hs00269972_s1, Hs00261438, Hs00225412_m1, Hs00609791m1, Hs00188012_m1, Hs00166169_m1, Hs00159918_m1, Hs00234592_ m1, Hs00748952_s1, and Hs00231674_m1, respectively). Normalized mRNA expression was calculated for each target gene using the ⌬ / ⌬ C T relative quantitation calculation as previously described ( 23, 24 ) . In brief, the ⌬ C T transforma tion of all samples for each transcript was fi rst calculated as ⌬ C T = E [minCT-sampleCT] , where E equals the effi ciency of the qRT-PCR reaction as calculated from the slope of a standard curve generated from a serial dilution of a pool of cDNA from all samples [E = (10
The ⌬ / ⌬ C T for each target gene was calculated as the target gene ⌬ C T divided by the ⌬ C T for the stable endogenous control PPIA (cyclophilin; assay ID Hs99999906_m1) ( 25 ) . All measurements were made in triplicate.
Statistical analyses
Differences occurring over time were statistically analyzed using repeated-measures (ANOVA). Values were log-transformed where appropriate to achieve normality. Differences between conditions (e.g., low and high glucose concentrations) were assessed using a Student's paired t -test. Correlations were assessed using Spearman's rank correlation coeffi cient, r s . All statistical analyses were carried out using SPSS (version 15).
RESULTS
Fatty acid composition of differentiated cells refl ects DNL
TG accumulated in cells during the differentiation process ( Figs. 1 and 2A ) . The PL content tended to increase during the fi rst week, and then it was constant ( Fig. 2B ) . The protein content (expressed per 10 6 cells) rose slightly from preadipocyte to day 7, but then it was relatively constant (mean values for preadipocytes and for days 7, 10, and 14, respectively, were 198, 229, 238, and 225 µg (n = 3, P = 0.82, ANOVA).
The fatty acid composition of TG changed during differentiation. Stearic acid (18:0) predominated at early times, but it decreased, so that 16:0 (palmitic acid) became the major fatty acid by day 14 ( Fig. 2C ) . The proportion of the essential fatty acid 18:2 n -6 (linoleic acid) fell during this period. However, because the total TG content increased, the amount (µmol) of 18:2 n -6 in TG changed much less, from 523 ± 83 µmol/10 6 cells in preadipocytes to 446 ± 55 µmol/10 6 cells at day 14 ( P = 0.36, ANOVA). Therefore, the major fatty acids in TG at day 14 were those expected from the coordinate operation of the DNL and the elongation and desaturation pathways : 16:0, 16:1 n -7 (palmitoleic acid), 18:0, 18:1 n -9 (oleic acid), and 18:1 n -7 ( cis -vaccenic or asclepic acid, the elongation product of 
porated some labeled acetate. QMSA (see Experimental Procedures) showed that 16.6% of the palmitate carbon arose from acetate-13 C in the medium (this would equate to 33.2% of palmitate carbon arising from acetate in the medium, since the acetate was labeled on one carbon) ( Table 2 ). This implies considerable dilution of the labeled acetyl-CoA pool with acetyl-CoA coming from unlabeled substrates (e.g., glucose).
De novo lipogenesis from glucose, pyruvate, and glutamine demonstrated using 13 
C-labeling
We differentiated cells in medium in which all the glucose was D-[U- 13 C]glucose. We used two different concentrations of glucose, 5 mM and 17.5 mM, and we expected that the higher concentration would particularly stimulate DNL from glucose. The amount of TG present at day 14 was not signifi cantly different between the two conditions (5 mM, 0.53 ± 0.19 µmol TG/10 6 cells; 17.5 mM, 0.77 ± 0.31 µmol TG/10 6 cells; P = 0.12, paired t -test). TG mass isotopomer spectra were analyzed at day 14. The mass isotopomer spectrum in the presence of 17.5 mM glucose was very similar to that in the presence of 5 mM glucose ( Fig.  5B ), but it was shifted somewhat to the right. The mass The various mRNAs measured also tended to correlate highly with one another ( Table 1 ) , implying a strong element of coordinate control of gene expression in these pathways. Interestingly, one exception was SREBF1, in which mRNA did not correlate signifi cantly with that of any other gene studied.
De novo lipogenesis from acetate demonstrated using 13 
Next we investigated the pathway of DNL by differentiating cells in the presence of 1 mM [1-13 C]acetate. The mass isotopomer spectrum of TG-palmitate from the differentiated cells at day 14 showed relatively consistent labeling from M+1 to M+5, with smaller amounts of higher labeling and none detectable above M+9 ( Fig. 5A ). (As noted in Experimental Procedures, all fatty acid mass abundance values were corrected for natural abundance by subtraction of results from cells with no added labeled substrate.) Similar patterns of labeling were seen in other TG-fatty acids, 14:0, 16:1 n -7, 18:0, 18:1 n -7 and 18:1 n -9, confi rming their origin from DNL. The molar abundance of native (unlabeled) TG-palmitate (M) was 29.8%, implying that the majority of the TG-palmitate molecules incor- were analyzed and showed the greatest abundance for native glycerol. QMSA showed that 12.5% of TG-glycerol carbon was derived from pyruvate ( Table 2 ). None of these values was signifi cantly different in 17.5 mM compared with 5 mM glucose.
We then asked whether glutamine might play a role as a substrate for DNL, as it does in brown adipocytes ( 27 ) . We replaced the glutamine (2 mM) in the medium with 2 mM [U- 13 C]glutamine throughout the differentiation period. Again, we used low (5 mM) and high (17.5) mM (unlabeled) glucose concentrations. At both 5 mM and 17.5 mM glucose, the mass isotopomer spectrum for 16:0 in TG showed the greatest abundance for native 16:0 (41%), with substantial labeling at M+2, less labeling at M+1 and M+3, and progressively less labeling at higher masses, with none detectable above M+11 ( Fig. 5C ). Mass spectra for 17.5 mM glucose were almost identical to those at 5 mM glucose ( Fig. 5C ). Similar patterns were again seen for other TG-fatty acids. QMSA showed that 10% of the carbons of palmitate arose from glutamine in the medium ( Table 2 ) , with similar contributions to other fatty acids. TG-glycerol mass isotopomers showed the greatest abundance for native glycerol. QMSA showed that 14% of TGglycerol carbon was derived from glutamine ( Table 2 ) . As with pyruvate labeling, none of these values was signifi cantly different in 17.5 mM compared with 5 mM glucose.
Pathways of de novo lipogenesis are complex
As described in Experimental Procedures, we modeled the incorporation of 13 C into fatty acids from labeled substrates in the medium using MIDA. It was immediately clear that there were features of the data that could not be isotopomer spectrum for 16:0 ( Fig. 5B ) showed that there was almost no completely labeled 16:0 (M+16). The greatest abundance was of the M+8 isotopomer. This was true at both glucose concentrations. Similar patterns were seen for other TG-fatty acids, 14:0, 16:1 n -7, 18:0, 18:1 n -7, and 18:1 n -9. QMSA showed that 42% of the palmitate arose from 5 mM glucose in the medium and 47% of the palmitate arose from 17.5 mM glucose in the medium ( Table 2 ) . TG-glycerol mass isotopomers were analyzed (not shown). The concentration of glucose in the medium had no effect . [U- 13 C]glycerol (M+3) was around 3-fold more abundant than native (M), implying that the majority of TG-glycerol was formed from medium glucose ( Table 2 ) .
Because the data on DNL from glucose suggested another major substrate, we questioned whether the pyruvate that is a constituent of the medium might be that substrate. We replaced the pyruvate (0.5 mM) in the medium with 0.5 mM [U- 13 C]pyruvate throughout the differentiation period. For comparison with the labeled glucose experiments, we used low (5 mM) and high (17.5) mM (unlabeled) glucose concentrations. The resultant mass isotopomer spectrum for 16:0 in TG at 5 mM glucose (not shown) showed the greatest abundance for native 16:0 (27.3 mol%), with substantial labeling at M+2 (23.8 mol%), less labeling at M+1 and M+3, and progressively less labeling at higher masses. The implication is that the majority of 16:0 molecules present in TG had incorporated some carbon from pyruvate in the medium. Similar patterns were again seen for other TG-fatty acids. QMSA analysis showed that 12% of the palmitate-carbon arose from pyruvate in the medium ( Table 2 ) , with similar contributions to other fatty acids. Again, TG-glycerol mass isotopomers primary product of DNL is minimized by coordinate upregulation of elongation and desaturation pathways. Our data were obtained in an in vitro setting. However, there is strong evidence that these pathways also operate in vivo ( 4, 5 ) . The proportion of polyunsaturated fatty acids in human adipose tissue refl ects the diet: correlation coeffi cients between dietary and adipose tissue fatty acids are typically around 0.6-0.7 for the essential fatty acids (e.g., linoleic acid, 18:2 n -6). However, correlations are virtually absent for oleic acid (18:1 n -9) and are weak for saturated fatty acids ( 28 ) . This observation implies alternative routes of production of some fatty acids, and the present data show that DNL with elongation and desaturation is a modeled with this simple approach, particularly the excess of unlabeled molecules (M) and the presence of significant amounts of "odd-numbered" labeled molecules (M+1, M+3, etc.). Our more sophisticated attempts at modeling these processes with binomial or trinomial expansions are described in the supplementary data.
DISCUSSION
We have shown that the differentiating human adipocyte is capable of synthesizing all the fatty acids it needs for maturation de novo from nonlipid precursors. The potential cellular toxicity of the saturated fatty acids that are the 13 C]pyruvate, we did not see suffi cient labeling to explain the defi cit. This fi nding implies that other substrates contribute carbon to DNL in the differentiating human adipocyte. In brown adipocytes, glutamine is a precursor for DNL ( 27 ) . We showed that the same is true in human white adipocytes. Other amino acids might also contribute, and it is clear that a variety of substrates feed acetyl-CoA into the pathway of DNL in the human adipocyte.
In contrast, under the conditions that we studied, the majority of TG-glycerol was produced from glucose, presumably via glycolysis and glycerol 3-phosphate production. Labeling of TG-glycerol from pyruvate or glutamine was also observed. These would require operation of the glyceroneogenesis pathway ( 33 ) . The relatively low labeling of TG-glycerol observed from these substrates is in keeping with the relatively low mRNA expression of PCK1 , a key glyceroneogenic gene, under these conditions (supplementary Table I ).
The pathways of fatty acid DNL were clearly not straightforward, as demonstrated by our attempts to model the experimental data with MIDA. In the presence of labeled acetate, there was a consistent and large peak of unlabeled palmitate that could not be fi tted by the conventional MIDA model. The presence of this peak in other fatty acids implied that it is a genuine cellular phenomenon. We believe that the most likely explanation is that the lipogenic acetyl-CoA precursor pool is not in full equilibrium with the medium acetate pool, so that unlabeled acetylCoA coming from glycolysis, for instance, can feed preferentially into DNL. There is evidence for compartmentation of the intramitochondrial acetyl-CoA pool in liver ( 34 ) . In the present situation, it could simply represent differences in acetate uptake and activation between cells in the same batch. It must also be remembered that we sampled TG that had been synthesized and accumulated over a 14-day period, and the metabolic pattern of the cells would undoubtedly have changed over that period. Therefore, pathways may have changed with time.
We consistently observed "odd-numbered" labeling from glucose that must represent formation of 13 C 1 -acetyl-CoA, although glycolysis and pyruvate dehydrogenase action would have produced 13 C 2 -acetyl-CoA from [U 13 C]glucose metabolism. This labeling could occur via pyruvate carboxylase, which would incorporate all three labeled carbons into oxaloacetate. When citrate exited the mitochondrion, two might be delivered to DNL as acetyl-CoA, leaving single-labeled oxaloacetate, which could potentially be converted to single-labeled pyruvate. Therefore, we extended MIDA with incorporation of a trinomial frequency distribution to allow for the presence of unlabeled, single-labeled, and double-labeled acetyl-CoA molecules in the precursor pool. With this model, there was still an excess of low degrees of labeling in the experimental data. We suggest various possible explanations. First, as noted above, we sampled TG that had accumulated over 14 days, potential route of oleic acid formation in the human adipocyte. Similar studies have been conducted recently on differentiation of the murine 3T3-L1 cell ( 29 ) . Sensitive mass spectrometry approaches showed a range of fatty acids, similar to those found here, that included trace amounts of, for instance, odd-numbered fatty acids (9:0 to 17:0) and some of their desaturation products. We do not wish, however, to imply that DNL would be the only source of fatty acids available to the differentiating adipocyte. As  Fig. 1A shows, a supply of exogenous fatty acids increases total TG storage. We described interactions between endogenous (DNL-derived) and exogenous fatty acids previously ( 18 ) .
Further evidence for tight functional linkage between DNL and pathways of fatty acid modifi cation came from our earlier experiments, in which we showed that DNLderived fatty acids are preferentially channeled into elongation and desaturation compared with fatty acids delivered exogenously ( 18 ) . In the present study, we noted strong correlations between the mRNA levels for most of the key enzymes in the DNL and fatty acid modifi cation pathways, supporting the idea of coordinate control that would avoid the cellular toxicity of saturated fatty acids. The mRNA expression of the key transcription factor sterol regulatory element binding protein (SREBP1c) (gene SREBF1 ) was an exception. A lack of correlation between SREBP-1c and other DNL-associated genes has been observed previously in rat adipose tissue under various nutritional conditions ( 30 ) . This seems surprising, as although the action of SREBP1c is mediated via posttranslational proteolysis and nuclear traffi cking, it has been shown that, in many situations, the major site of control of its activity is at the level of gene expression, which is induced by both insulin and (in hepatocytes) liver X receptor (LXR) activation ( 31 ) . Furthermore, in differentiating adipocytes, SREBP1c expression is closely linked with that of the CCAAT/enhancer binding protein (C/EBP) transcription factors ( 32 ), although we found no relationship between their mRNA expression levels.
The use of 13 C-labeled substrates enabled us to defi nitively show the origin of TG-fatty acids from nonlipid sources. When we labeled all the medium glucose, we found that more than half of the palmitate carbon re- and pathways might change in activity with stage of differentiation. Second, there might be separate origins of precursor pools of acetyl-CoA. That was particularly apparent in the case of labeling from [1-13 C]acetate. With other labeled substrates, it is possible that acetyl-CoA was produced via different sources, for instance, glycolysis (likely the majority) and peroxisomal pathways. A further possibility would be that there is a recycling of DNL pathway intermediates with chain shortening, and then feeding back into the pathway. There is evidence for this during the differentiation of 3T3-L1 cells, in which odd-numbered fatty acids are produced ( 29 ) . Introduction of labeled palmitate into that system showed production of labeled 15:0, confi rming the presence of chain-shortening reactions ( 29 ) . There is also considerable evidence for the activity of peroxisomal fatty acid oxidation in adipocytes that could be responsible for chain shortening ( 35, 36 ) . Our data reveal the complexity of de novo lipid synthesis in maturing human preadipocytes. Further studies would be needed to address the molecular details of this process, incorporating the different stages of maturation, metabolism of the nonlipid precursors, the DNL pathway, and pathways of fatty acid oxidation in human adipocytes.
In summary, we demonstrated that human adipocytes are clearly capable of considerable rates of synthesis of fatty acids de novo. Potentially adverse effects of accumulation of saturated fatty acids are minimized by strong, coordinate control of the elongation and desaturation pathways, leading particularly to the synthesis of oleic acid (18:1 n -9). Glucose is not the sole precursor of fatty acids under the conditions studied here; in fact, it contributes less than half of the carbon of the fatty acids produced from DNL. Other sources include glutamine and, presumably, other amino acids. In contrast, glucose is by far the major precursor of TG-glycerol. Pathways of fatty acid synthesis in the human adipocyte are complex, and further study of these processes may help in understanding the dysregulation of fat balance that characterizes obesity and its associated metabolic disturbances.
